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Abstract

Introduction

High elevation ecosystems, such as the Engelmann spruce subalpine fir (ESSF)

biogeoclimatic zone, in British Columbia are predominated by subalpine fir, Abies

lasiocarpa (Hook.) Nutt., and interior spruce, Picea engelmanni x glauca.  The ESSF

represents approximately 21% (1.67 million hectares) of the forested land base in the

Kamloops Forest Region (Lloyd et al. 1990).  This ecosystem has been shaped by both

small and large natural disturbances over thousands of years.  Bark beetles play an

intrinsic role in natural disturbance or ecological succession.  Insects such as the western

balsam bark beetle, Dryocoetes confusus Swaine (Coleoptera: Scolytidae), is considered

the most destructive pest of subalpine fir in B.C. (Garbutt, 1992) therefor playing a

dominant role in forest succession.

D. confusus selectively kills subalpine fir at low levels each year but occasionally reaches

outbreak populations (Stock 1991; Unger & Stewart 1992).  Although cumulative

mortality may be significant in chronically infested stands, western balsam bark beetle

appears less aggressive than other tree-killing bark beetles during outbreaks.  In 2003,

over 31,800 hectares of current D. confusus damage were mapped in the Kamloops

Region representing 1.9% of the ESSF (Maclauchlan et al. 2004).  The total extent of

damage is not reflected in this figure because light, scattered attack was not recorded.

Impacts to forest resources such as stand productivity, timber supply and unsalvaged

losses are poorly understood.

Typically, D. confusus has a two-year life cycle with adults attacking new hosts in late

June.  Brood overwinters once as larvae and again as new adults before emerging to

repeat the cycle.  Female beetles sometimes lay two broods within the same host over the

period of two summers.  During warmer summers, the insect can switch to a one-year life

cycle thus increasing host colonization potential.   D. confusus preferentially attacks
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larger, older, and slower growing trees in a forest stand (Bleiker et al., 2003) as well as

fresh blow down.  The distribution of these most susceptible hosts in a stand, i.e. clumped

or regularly scattered, will impact upon natural regeneration as well as potential stand

management strategies, such as salvage harvesting.  The question remains however, over

the course of an outbreak, would the diminishing supply of preferred host resources alter

the attack dynamics of D. confusus?

Another tree-killing bark beetle, the mountain pine beetle, Dendroctonus ponderosae

Hopkins, has much lower attack rates in more open, low density stands due to less

favourable climatic conditions found within these stands.  D. confusus may also show

less preference for low density, more seral stage stands that result from prolonged beetle-

caused mortality and blow down.  By elucidating the spatial and temporal attack patterns

of D. confusus during all outbreak phases, we may better understand how to minimize or

prevent future stand losses through development of more biologically appropriate

management strategies.

Permanent sample plots were established in ESSF stands to study attack patterns of D.

confusus and subsequent influence on stand succession.  Re-assessment of plots on an

annual basis will allow the estimation of basal area or volume loss due to western balsam

bark beetle.  Other stand attributes such as blow down and stem breakage can be

monitored and quantified.

The objectives of this study are to:

1. describe the spatial distribution of trees (all species) in three representative 1 ha plots;

2. describe the spatial distribution of WBBB attacked subalpine fir in three 1 ha plots
over time;

3. compare the differences between early- mid- and late-phase plots; and

4. describe successional patterns at a stand level.

Methods
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Between 1998 and 2002, ten 1 hectare permanent plots were established within the

Kamloops Region.  Plots were established in ESSF stands representing early-, mid- and

late-phases of the successional dynamics of beetle and host.  The plots were located in 3

biogeoclimatic subzones; 5 in the ESSFwc, 3 in the ESSFxc; and, 2 in the ESSFmw.

Three of the permanent plots, representing each outbreak phase, were selected for in-

depth description and analysis (Table 1).

Table 1. Biogeoclimatic classification, successional phase and density (stems per ha) in
three 1 ha plots.

Density (stems per ha)
Location (lat-long) BEC Phase Bl All trees Elevation (m)
Martin Creek ESSFwc early 1,161 1,417 1,675
Scotch Creek ESSFwc mid 664 722 1,575
Cherry Ridge ESSFwc late 429 496 1,650

Stand selection for plot establishment was based on aerial survey data (1996-1998) and

70 mm photography of potential stands (1997).  A reconnaissance flight was done in late

June, 1998, to evaluate stand suitability.  Stands were then ground checked to verify

levels of D. confusus attack.  Final plot establishment was based on access, suitable

attack levels, and harvesting plans.  Areas scheduled for harvest over the next five years

were avoided to ensure that future re-assessments were possible.  Sites were classified

into one of three outbreak phases:

1. Early-phase outbreak: with new or building populations of D. confusus,

characterized by scattered red trees and a low number of grey trees or old snags.

Stands are typically higher density, closed canopy with minimal evidence of

blowdown.

2. Mid-phase outbreak: characterized by high levels of red trees, and moderate levels

of grey trees and snags.

3. Late-phase outbreak: characterized by low to no red trees, and high numbers of

grey trees and snags.  Stands are typically lower density, more open canopies with

evidence of blowdown.
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Global Positioning System (GPS) coordinates were recorded at the northwest corner of

each plot.  Plots were 100 m x 100 m (1 hectare).  All trees greater than 12.5 cm in

diameter at breast height (dbh) were tagged with sequential numbers, stem- mapped, and

assessed for D. confusus attack and symptoms, and other pest incidence.

The following data were recorded: tree species, dbh, a sub-sample of height and age (30-

50 trees per plot), D. confusus attack status and tree condition (Table 2), and other pest

incidence.  Annual assessments (post-beetle flight) were conducted noting new attack,

tree condition, new blowdown and any other pest occurrence.  To get an estimate of stand

age, by species, increment cores were taken from 30-50 trees.  All trees greater than 12.5

cm were stem mapped by establishing 20 m wide strips perpendicular to the plot baseline

running north-south.  Using an Eslon fibreglass measuring tape along the y-axis, the

distance of trees from this axis was measured with a laser hypsometer thus providing x-

axis co-ordinates.  The x and y co-ordinates were used to create stem maps of trees in

each plot.

Table 2. Subalpine-fir tree descriptors.

Subalpine fir tree descriptors*
0 Healthy, green foliage
1 Green foliage with current attack evident
2 brick red foliage (newly faded)
3 Faded, dull red foliage
4 grey with fine branches still present, some red needles still present
5 grey with no fine branches, no foliage
6 snag - shedding bark
7 dead - unknown cause or pest other than D. confusus

*codes 1-6 all dead or dying due to D. confusus

Summary statistics were done for the plots.  R (2003) and Systat (2002) were the

statistical analysis programs used.  First nearest neighbors distances were calculated for

each tree. Then, using the Clark Evans Donnelly statistic (CED), a spatial analysis using

nearest neighbours (NN), the degree of aggregation, randomness or regularity of trees
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was determined.  Voronoi polygons were constructed around all trees in each plot and the

area of each Voronoi polygon was calculated to give the area potentially available (APA)

for each tree.  Each tree thus had a unique APA and NN value that was used in second

order analysis, including Ripleys K and the G statistic.  This is a complete and in depth

first and second order analysis of the mapped point patterns.  Ripleys K, as a second

order statistic, can show whether the aggregations of beetle killed subalpine fir are spaced

in a random pattern.  The analysis will indicate if the distributions of both beetle killed

subalpine fir and spruce are similar.

General spatial analysis approaches as per Kenkel (1988) and Upton and Fingleton

(1985) were also applied to the data sets.  The Clark Evans Donnelly statistic was used to

determine the regularity or aggregation of trees (live, dead and by species).  Areas of

these aggregations are also described.

Results and Discussion

• Describe plots with summary statistics (# trees, density, % attack (by tree code?),

blowdown)

• Stem map plots (all trees, attacked trees, spruce)

• CED for plots (all trees, attacked trees, spruce)

• Area of clumps of attacked trees – change over time

• Comparison among the three attack phases

Martin Creek had the highest overall stem density, 1,417 sph, followed by Scotch Creek

and Cherry Ridge with 723 sph and 496 sph, respectively (Table 3).  The density of

subalpine fir in each plot follows the same trend with the highest stems per ha in Martin

Creek and the lowest in Cherry Ridge (Table 3).  At the time of plot establishment, the

Cherry Creek plot had the highest level of D. confusus attack, 49.8% subalpine fir

attacked, followed by Scotch Creek and Martin Creek with 26.8% and 11.5% subalpine

fir attacked, respectively.  At the final assessment in 2003 the attack levels in all plots had

increased, with the greatest annual attack rate observed in the early-phase plot, Martin

Creek.  The plots were established over a 5-year period therefore the number of years of
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data varied for each plot.  The annual attack rates for the Cherry Ridge (late-phase),

Scotch Creek (mid-phase) and Martin Creek (early-phase) plots were 0.5%, 0.6% and

1.7%, respectively.  This clearly demonstrates the differences in outbreak phase among

plots.  Although the average annual attack rates are very similar between the Cherry

Ridge and Scotch Creek plots, the attack rates initially at Cherry Ridge were high but

then tapered off dramatically in the last few years, from 7.9% in 1998 to 1.4% in 2003.

The Scotch Creek plot was the last plot established and as a consequence has only two

years of data but in both years attack rates were higher than seen at Cherry Ridge.  Martin

Creek had very low levels of green attack in the first two years of assessment but by 2002

attack increased dramatically in this plot (3.6% in 2003).

Table 3.  Summary statistics from three permanent plots.  Density (stems per ha) of all
trees, subalpine fir (Bl) and spruce (Sx) is shown for the year of establishment and the
most recent assessment (2003).  Also listed is the number of subalpine fir killed by D.
confusus at plot establishment and in 2003, trees killed by other causes and blow
down.  Blow down was assessed the year following plot establishment except for the
Scotch Creek plot that tallied new trees down when established.

Density (sph) Dead trees (sph) Blow down (sph)
All trees Bl Sx WBBB Bl Other Sx Bl Sx

Cherry Ridge (1998) 496 430 66 214 39 3 33 1
49.8% 9.1%

Cherry Ridge (2003) 226 47 3 39 1
52.6% 10.9%

Scotch Creek (2002) 723 664 55 178 157 7 1 0
26.8% 23.6%

Scotch Creek (2003) 186 166 7 3 0
28.0% 25.0%

Martin Creek (2000) 1417 1161 256 134 151 15 0 0
11.5% 13.0%

Martin Creek (2003) 212 209 19 4 0
18.3% 18.0%

Preliminary spatial analysis shows that most patterns (all trees, live trees, dead trees,

subalpine fir) are moderately to strongly aggregated (Table 12).  Spruce appears to be

distributed in a random pattern in the plots, and blow down is also nearly random, or only

weakly aggregated.  However, this pattern may change if the number of spruce were to
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increase.  Several different assessments of the patterns of trees within the plots will be

needed to fully understand the processes.  Ripleys K, as a second order statistic, can

demonstrate whether the aggregations of beetle-killed subalpine fir are randomly spaced.

The analysis will indicate if the distributions of beetle-killed balsam clumps and the

distribution of spruce might be similar.  However, the information will be circumstantial

– a direct relationship would be difficult to prove at this point.

Table 12. Clark-Evans statistics1 for the Cherry Creek and Scotch Creek plots.

Cherry Ck. Scotch
All trees -7.80602 -7.27197
Dead trees -5.81642 -
Live -2.62926 -3.71633
Sx -0.80098 -1.71478

Blowdown -2.55213 N/A

1. Accept random if -1.96 < CED < 1.96 p=0.05

The trees in the Cherry Creek plot were highly aggregated as were the dead trees which
were predominantly subalpine fir (Table 12, Figure 1).  Another important pattern that
gives additional insight into the successional process in these stands is the pattern of wind
thrown trees (Fig. 2).  Windthrow in this plot is also very aggregated.
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Cherry Ridge - dead from other causes
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Figure 1. Stem maps of trees in the Cherry Ridge (late-phase plot) 1 ha plot with Voronoi
tessellations :  a) all trees in plot; b) all D. confusus attacked trees; c) trees dead due to other

causes; and, d) distribution of spruce.

Wind throw in Cherry Creek Plot
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Figure 2. Stem map of wind thrown trees in the Cherry Ridge (late-phase plot) 1 ha plot
with Voronoi tessellations.

In the Scotch Creek plot, Voronoi tessellations constructed around all trees, attacked

subalpine fir, dead subalpine fir (other causes) and other species are shown in Fig. 3.

Results of the Clark Evans Donnelly statistic reveal a highly aggregated, or clumped,
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distribution for all trees in the plot and for subalpine fir.  The distribution of spruce was

weakly aggregated (Table 13).  Subalpine fir killed by D. confusus was also strongly

aggregated (Fig. 3).  The other tree species, spruce and cedar, were more weakly

aggregated but this pattern could indicate where past mortality of subalpine fir occurred

and subsequently released the spruce or other species.
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Scotch Creek - WBBB attack
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Scotch Creek - dead from other causes
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Scotch Creek - spruce & cedar
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Figure 3. Stem maps of trees in the Scotch Creek (mid-phase plot) 1 ha plot with Voronoi

tessellations :  a) all trees in plot; b) all D. confusus attacked trees; c) trees dead due to
other causes; and, d) distribution of spruce and cedar.

The distance between aggregations was described (Fig. 4) for the Scotch Creek plot.  The
majority of tree aggregations were less than 10 meters apart or about 18 m apart.  An
interesting comparison is that the fewest number of dead tree aggregations were less the
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15 m whereas the majority of spruce aggregations were just greater than 15 m and greater
than 25 m (Fig. 4).

Table 13. Results from the CED statistic showing the estimated dispersion of trees in the
Scotch Creek plot.

Variable CED Result Estimated Dispersion
100 regular points 16.37877 Regular
1000 random points 0.790970 Random
All trees -7.27197 strongly aggregated
Bl -6.36423 strongly aggregated
Sx -1.71478 weakly aggregated
Live trees 2003 -3.71633 Aggregated

Figure 4. L(R)est for all trees, live trees, dead trees and spruce trees in the Scotch Creek 1
ha plot.

The spatial arrangement of trees in the Martin Creek 1 ha plot is show in Figure 5.  Trees
attacked by D. confusus show a very aggregated pattern as do all trees in the plot.  Dead
trees, from other or unknown causes, are slightly aggregated.
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Martin Creek - all trees
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Martin Creek - WBBB attack
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Martin Creek - dead from other causes
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Martin Creek - spruce
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Figure 5. Stem maps of trees in the Martin Creek (early-phase plot) 1 ha plot with

Voronoi tessellations:  a) all trees in plot; b) all D. confusus attacked trees; c) trees
dead due to other causes; and, d) distribution of spruce.
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